A monaural complex tone is synthesized from 12 harmonically related pure tones, played in phase. In each of 12 segments, one of the tones (the target) is played out of phase so that the sequence of targets is increasing or decreasing in frequency. If the target is at least 30 ø out of phase, the targets are perceptually segregated. This tone-segregation by phase raises doubts concerning several current theories of pitch perception. The phenomenon is conjectured to be caused by the cat's nonlinear compressive transfer characteristic or by a temporal analysis of the stimulus.
INTRODUCTION
Recent theories of pitch perception (Goldstein, 1973; Terhardt, 1974; Wightman, 1973b) are predicated on the empirical law that "within limits, all stimuli made up of the same spectral components have the same pitch, regardless of the relative phases of the components" (Wightman, 1973b, p. 407 ). Thus, one of the goals of these theories is to explain the loss of information about relative phases of stimulus components. In this paper we describe a new paradigm useful in the investigation of phase effects in pitch perception, and we show, using this paradigm, that there is a sense in which pitch perception is affected by phase. Our data highlight the multidimensional nature of the pitch percept: certain complex tones, consisting only of harmonically related components, are shown to possess at least two pitches. The low pitch of these tones will be shown to be unaffected by phase, but the existence and prominence of a second, high pitch, of these tones will be shown to be quite sensitive to phase. The paper is organized as follows: In the first part of the paper we describe four experiments that refute the hypothesis regarding the loss of information about relative phases of stimulus components. In the second part of the paper we show tlmt these findings could either be accounted for by a temporal fine-structure theory of pitch or by postulating a nonlinear compressive stage in the auditory system prior to the pitch-perception In order to allay concern that tone-segregation by phase may fail with complex tones other than the ones studied in experiment I, a stimulus was generated with all components in cosine phase, except the target which was 90 ø out of phase. The authors verified that the tonesegregation was at least as pronounced as when all components except the target were in sine phase.
As a further test of the generality of the phenomenon, the following experiment was carried out.
II. EXPERIMENT I1: REPLICATION FOR HIGH AND LOW HARMONIC NUMBERS
The following experiment addressed the issue of whether phase sensitivity was preserved at high frequencies at which phase information is not preserved for localization.
A. Method
Stimuli
The stimuli were 12-component complex tones, similar to those used in experiment I. There were two sets of stimuli: low-frequency stimuli and high-frequency stimuli. All had a fundamental frequency of 100 Hz. The low-frequency stimuli were made up of harmonics of 100 Hz ranging from 300 to 1400 Hz; the high-frequency stimuli were made up of harmonics of 100 Hz ranging from 1500 to 2600 Hz. For ,each stimulus, one implication, they do not refute it either, because four harmonics of the low-frequency stimuli had harmonic numbers above those hypothesized by Dulfhuis to be phase insensitive. Since it is possible that these four harmonics enable our subjects to identify the direction of the sequence, we conducted the following experiment. Is tone-segregation by phase based on such a successive-difference cue? Although it would appear from experiment IV that it is, because segregation does not occur in individual segments, conceptual clarity requires us to distinguish between the type of dependence on change involved in tone-segregation by phase and in a successive-difference cue. In the latter, the segregation is based on information that is wholly intersegmental. In the present demons/ration, in tonesegregation by phase, the information is entirely intrasegmental, since it is apparently caused by the concur- There remains our puzzling observation that tonesegregation by phase cannot be perceived in the individual segment. We can only speculate that segre-gation by phase is not an instantaneous process, but rather one that demands the accumulation of information regarding the nature of the object to be segregated, much as Bragman (1978) has shown that stream segregation requires the accumulation of perceptual evidence before it can take place.
III. EXPERIMENT II1: EVIDENCE IN SUPPORT OF THE
We turn now to an explanation of tone-segregation by phase which does not require the auditory system to process phase information. being that in experiment II stimuli were aligned in sine phase, whereas in this simulation they were aligned in cosine phase). After applying this cubic-root transformation to the waveform, we calculated its spectrum. Figure 4 shows the results. Each of the 12 curves represents the spectrum of one of the segments over the range 100-1500 Hz. In each of these spectra we observe a maximum at the target frequency. These spectra should should not be taken to imply that the "targets" dominate the percept. On the contrary, the 100-Hz "missing" fundamental is the most prominent pitch perceived, and the theory we are discussing is not designed to cope with that phenomenon. These spectra do account, however, for the relative prominence of one of the harmonics, namely the target, in the secondary pitch perceived.
Furthermore, we compared the effect of the cubicroot transfer characteristic on the spectra of the lowfrequency and the high-frequency complex tones studied in experiment II. As we see in Fig. 5 , the spectra for the corresponding segments in the two types of tones are virtually identical.
We also compared the effect of the cubic-root transfer characteristic on the power spectra of the low-frequency complex tones studied in experiment II for four different phase shifts: 0 ø, 22.5 ø, 45 ø, and 90 ø.
As we see in Fig. 6 , the prominence of the spectral peak at the target frequency is a monotonically increasing function of the phase shift. 
